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(57) PecfiepaT 



H3o5peTeHHe OTHocjrrca k cnocooy h ycrpoHCTBy. ooecneHHBaiomtiM aBxoHOMHOe 
n..TaH„e 3;,eKTpoHHbix chctcm nocpeacreoM npeoopaaoBaHUH 3HeprHH hctomhhkob 
HeaiieK-rpHMecKofi npHpoab. b 3;ieKTpHMectcyK) 3Hepnm c noMoiubK) reHepaiopoB sapjifla. B 
KanecTBe reHeparopoB aapsaa oa^ raKiix ycrpoficTB Mon,T Mcno.ab30BaTC5, nbe303;ieMeHTM, 
Tp,.6o3.neMeHTb.. a TaK5«e paanoaKTHBHwe hctokhhkh 3ap«>KeHHb.x nacTHu, He rpeoyK^mHe 
nepHoaHHecKor. saMCHb. h;,h nofl3ap«flKH, b OTm.HHe or Tpa;iHUHOHHbrx hctohhhkob 
3;Te^HHecKoro mn^m, ra;,bBaHHsecKHx oarapen np» aicrHBH3auHH renepaxopa (I) 
3ap«fla OH BbipaoaTbiBaer nopuMK) D.ieKrpHwecKinc sapsaoB q c blicokhm 3jieiCTpHHecKMM 
noreHUHajiOM Uin, KOTopaH nocrynaer Ha Bxoa npeo6pa308aTe;iH (2) 3HeprnH aap^aoB 
<I>yHKu,w npeoopaaoBarejis (2) cBOii,rrc« k yBemiMCHHK) hcxo:ihoh sejinHUHbi aapnaoB q ao 
sejiHH.iHbi 0 c ojiHOBpeMeHHbiM noHiiKeHHCM HX noTCHUHaiia ao eejiHHHHb. Uout, MeHbuiefi 
no cpaBHeHHK) Uin. JXnn HaKonx>eHH5, no/iynenHbix b pe3y.ibTaTe npeoopa30BaHH« 3ap«ziOB Q, 
TpeoyesibLx nnxaHHa 3;,eK-TpoHHb<x cHcreM, Ha Bbixo^ie ycrpoficTBa vcraHOBireH 

HaKonirrejib (3) 3jiein-pnHecKHx 3apaaoB. 
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OOjtacntb mexHUKu. 

5 HsoGpereHHe othochtch k cpejicTBaM aBroHOMHoro nHraHHH ajieicrpoHHbDc chctcm, b 

nacTHocTH, K cnoco5y h ycrpoHcxBy ;um nHxaHRa MHKpo3;ieKTpoHHbrx cxeM. 

npedmecmeyfoii^uu ypoeeub mexHUKu, 

B HacToamee Bpevm pasBHTHe MHKpo3;ieKTpOHHKH npuse/io k roMy, hto hjih nHTaHHij 
HCKOTOpbix (HanpHMep, KMOIT) 3iieKTpoHHbix MUKpocxeM, BbinojiMfouiMx HeGojibuuHe 
o6i>eMbi BbJMHcjieHHil, Tpe6yeTCH KpaHHe Majioe KOJiHHecTBo ajieicrpHMecKOH aneprHH zuu? hx 
nHxaHHii. no3TOMy npeAnpHHMMaiOTCJ! nonbiTKH ooecnemrrb asTOHOMHoe 3;ieKTpnHecKoe 
nirraHne xaKHX MHKpocxeM, Hanp»Mep, c Mcno/ibsosaHHeM BcrpawBaeMbrx b hx Kopnyc 
MMKpora5apMTHbix rajibBaHWsecKHx mctokhmkob nMTaHvui. 
15 HeaocraTKOM raKoro ycTpoHCTsa HBJwercH orpaHHMCHHbiH cpoK cjiy^KObi 

rajibBaHHMecKoro HcroHHHKa. 

B CB5I3H C 3TMM, npHBJieKaTCJTbHbl HOnblTKH OTKaSaXbCH OT HeUOJirOBeMHbOC 

rajibsaHHMecKHx hctohhhkob nHxaHKM h HcnojibsoaaTb am nojryHeHKM He6o;ibiiiOH nopuwH 
3JieKTpHHecKoro sapjwa, AOcraTOHHOH ma KpaxKOBpeMeHHoro riHTaHHH 3j]eKTpoHHOH 

20 CHcreMbi. Majiora6apnTHbie ycTpowcTBa, npeoopaayioiuHe jHeppHio hctohhhkob 
He3jieKTpwHecKOH npHpoiiM b 3jieicrpM-.ecKyio 

HsBecTMw, K npMMepy, cnoco6 m ycrpoHCTBO nm nHxaHWH 3jieKTpoHHOH CHcrcMbi 
nocpeflCTBOM HHj^yKunoHHoro rcHepaxopa, nocrpoeHHoro Ha uiaroBOM ;^BHraxe;ie (naxeHx 
CUIA Ife 5061923. kji. H 04 Q 9/00, 1991). B 3tom ycxpoficxse iuw nHraHHH ajieicrpoHHOM 

25 CMcreMbi Hcnojiwyercfl MexaHHHecicoe BpatueHHC poxopa ynoMiiHyxoro ^BHraxejw, Koxopoe 
no3BOjwer HHjiyuHpoBaTb Ha Bbixo^e oSmotkm cxaxopa 3JieKTpHHecK0e Hanpfl)KeHMe, 
flocraxoHHoe iuw nHxaajw 3JieKxpoHHOH CHcxcMbi. J^jw pjtaa ycxpoHcxB 3xh MexanHHecKHe 
flSHHceHHH HeyOT6Hbi, paaHo KaK cpasHHTejibHo 5ojibmHe raGapHTbi h BwcoKaH croHMOcxb 
ziBHraxejw, Koxopbie orpaHHMHBaicrr npHMeneHHe xaKoro Baaa HcxoqHHKOB nHxaHUH. 

H3BecxHb( xaioKe cnoco6 m ycTpOHCrao aoh renepMpOBaHMH xokobwx HMnyjibcoa jxm 
aKXHsauHH CBCTO-HSjiyHaiomero woj^a (naxeHX CLQA >fe4595864, kji. H05B 37/02, 1986). B 
ynoMxHyxoM ycTpoHCTse yaapHoe MexanaMecKoe B03iieMCTBHe Ha nbe303iieMeMx npOM3BOiiMx 
HMnyjibc xoKa, KoxopbiH noqjeacxBOM HMiryjibCHoro xpaHc4>opMaxopa npeoGpasyercji b 

JIHCT W3Al^r^ll 1>H roro (HPAEHJIO 26) 
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HMirynbc TOKa, Heo6xo;iMMbiri aKTHBuaauHH cBero-HSiryMatoinero iii!o:ia B 3tom 

ycrpoHCTBe HMny;ibCHbiH TpaHC(j)opMaTOp, b KanecrrBe eAHHcrrBeHHoro ajieMenra cxeMbi, 
cjiyjKHT corjiacyioiuHM 3;ieMeKTOM. Heo6xo;5HMbiM ^nn oeecneMCHH^i 34K})eKTHBHoro 
npoxo5K;ieHVw tokobofo HMnyjibca or nbe303JteMeHTa c sbicoKHM BbixoziHbiM HMne;iaHCOM k 
CBeTo-H3JTyMaiomeMy wojxy c hh3khm bxc^zhmm HMne^HCOM. OnmKO, HSBecmoe pemeHHe 
He npeiXHa3HaHeHO mm HaKonjieHMii 3jieicrpHHecKOH 3HeprHH, npoH3BO^HMOH 
40 nbe303xieMeHTOM, Heo6xo;iHMOH zuw CTa6HjibHoro nHraHHii sjieKrpoHHbix chctcm. 

HaH6ojiee 6;ih3khm k H3o5pCTeHHio HBraercji cnoco6 nHraHju 3jieKTpoHHOH 
CHCTCMw, cocrojJtaHH B npeo6pa30BaHHH HesjieicrpHMecKOH 3HeprHH b ajieiopHHecKyK) 

3HeprHK) H HaKOrUlCHHH 3JieKTpHHeCKHX 3ap«TOB, nHTaroiUHX 3JieKTpOHHyK> CHCreMy (3aHBKa 

EriB Ho 0725452, kji. H 01 L 41/113, 1996). YcrpoHCTBO msi nwr^nnH 3;ieicrpoHHOH 
45 CHCTCMbi, pc?nH3yiouiee yKaaaHHWH cnocoo, coziepHCHr rcHepaTop 3JieKTpHHecKjfx sap^i^oB, 

HcnojibsyiomHH nbe303;ieKTpHMecKoe npeoopasoBaHHe MexaHHHecKOH BweprHH b 

3;TeKTpHHecKy{o 3HeprHio, h HaKonirrejib ajieiopHHecKHx sapnuoB, Bbrxo^ Koxoporo HSJisercH 

BbrxojuoM ycTpoficTsa. 

O^HaKO H3BecTHbie cnoco6 h ycrpoficTBo Majto sHeicrwBHbi misi nnr^Hm 
50 3JieKTpoHHbix CHcreM. 3to o6ycjiOB;ieHo tcm, hto nbe303JieMeHTbu b otjimmhc ot 

rajIbBaHHHeCKHX HCTOHHHKOB HJIH HH^iyKUMOHHblX rCHepaXOpOB, He HBJWIOTOI HCT04HMKaMH 

3iieKTpoiiBH5Kyi«Hx CHJi (noxeHUHajiOB), a HBjiHioTca reHepaxopaMH 3-neKTpHHecK:oro sap^ijaa. 
ripwHeM BcjiHMHHa nopuHH npoH3BOiiMMOro nbe3O3JieMeHT0M 3apjiAa, onpei^e^nnercyi 

OiXHOKpaXHblM BK.UIHHM MexaHHHCCKHM B03i5eHCTBHeM, a 3neKTpHMeCKHH noTCHunan. 

B03HHxaK)mHH Ha Bboco^te TaKoro reHeparopa 3apajia npHMO nponopuHOHaneH Be;iHMHHe 
ynoMHHyroro 3apjLaa h o6paTHO nponopuMOHajieH sejiHHHHe BbixoziHOM cmkocth reHeparopa 
B HacTHOCTH, nbe303JieMeHTw hosbomiot nojiynaTb HeSojibuiHe no BejiHMHHe 3apjmbi c 

OMCHb BblCOKHM 3JieKTpHHeCKMM nOTCHUHanOM, HOpJUlKa HeCKOJlbKHX TWCiJH BOilbT. 

Hcnojib30BaHwe crojib BwcoKoaojibTHOro McroHHMKa jxm npMMoro nHxaHw^ HH3KOBOJibTHbix 
3;ieKTpoHHbix CHcreM, xaKMx Kaic, HanpHMep, MHKpoajieiopOHHbie cxcmw HeB03Mo>KHo. 
Henocpe;iCTBeHHoe npHcoe^aHHCHHe k nbesoaJieMeHxy 6y(})(J)epH0H HarpysoHHOH 
3JieKrpHHecK0M cmkocxm c uejibK) HaKoruieHra na hcm aapaaa, Heo6xowMoro iuw nmzHm 

HH3KOBO;tbXHOH 3iieKTpOHHOH CHCXeMbI, He 3(J)4)eKXHBHO, X.K. OAHOKpaXHO npOH3B0ilHMaJl 

nbe303iieMeHxoM nopuM 3apjma oMenb Majia h xcm caMWM juw HaxonjieHHa 6ojibiuero 
65 3ap5ma xpeoyerCH MHoroicpaxHoe h cooxBCTCBeHHo AJiHxejibHoe no BpeiweHH MexanHHecKoe 
B03zieHcxBHe Ha nbesosiieMCHT, x.e. MHoroHHCJieHHwe MexaaHMecKHe na^axM hjih y^apbi no 

JIHCT B3AMEH HStHTOrO (HPAEHJIO 26) 
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Kji HOI L41/II3, 1996). 

PacKpbimue uioSpemeuuM. 

3aaaqeH H3o6peTeHHH HBjwerc;! co3iiaHHe cnocoSa h ycrpoHCTBa zuw nHxaHtw 

3JieKTpOHHbDC CMCTCM, n03BOJWK)mwx 3HaHHTeJIi>H0 nOBblCHTb 3C})c})eiaHBH0Crb HCTOHHHKOB 

3JieKTpH4ecKoro nHxaHHii, BbinojiHeHHbix na ocHose ycrpoHciB iuw npeoopasoBaHw^ 
3HeprMM, Bbipa6aTbiBaeMOM ncroHHMKaMH 3HeprHH He3-neKTpwMecK0t! npHpojaw, b 
3JTeKTpHHecicyK) 3HeprHio, 

A^H 3Toro B cnoco6e nHraHn^i 3jTeKTpoHHOH CHcreMbi, cocro^meM a npeoopasoBaHHH 
HeajieKTpHHecKOH 3HeprHH B 3;ieKTpHHecKyK) 3HeprHK) H HaKonjicHHH Heo6xoiiHMoro 
KOJiHHecTsa 3iieKTpHHecKnx 3apaxxoB nriK ntrraHtui 3neKTpoHHbix CHcreM, b cooTBercrsHH c 
HaoopereHHeM npeoopasoBaHHe neajieiapHHecKofi 3HeprHH s 3JietcrpHHecK>io 3HeprnK> 
ocymecTBji;iK)T nocpe;iCTBOM reHcpauHH 3.ieKTpHHecKMx 3apH;jOB c bwcokhm 3;ieKTpnHecKHM 
noTCHUHajiOM, npeoopasoBaHHCM 3HeprHM noxiyMeHHbix sapjiaoe, conpoBo^maioinHMCH 
yBejiMMeHHCM KOJiHHecTBa 3-ne(crpHHecKHx sapjmoB h noHw>KeHMeM hx ajieKxpHnecKoro 
noreHUHajia, c nocjieziyromHM hx HaKorineHHeM hh Bbixozie ynoMHHyroro HcroHHHKa 
nHxaHHx. Bjisi nuraHH^ 3;ieKTpOHHOH CHcreMbi. 

npeo6pa30BaHHe He3JieKTpKHecKOM 3HeprMH, b nacTHocTH, MexaHHMecKOH 3HeprHn b 

BHepPHK) 3JieKTpHHeCKHX 3apH/|08 C BblCOKHM i/ietCTpHHeCKHM HOTeHUHaJlOM MO/Ktrr Obl'lb 

BwnojiHeHO nocpe;icTBOM nbe303JieKrpHMecKoro hjih TpnooBJieicrpHHecKoro 
npeo6pa30BaHm!. 

npHBiieKarejibHo xaKiKe HcnojibsoBaHHe b KaMecrse sapnjioB c bmcokhm 

3jTeiCTpHMeCKHM nOTCHUHanOM BblC0K03HepreTHMeCKHX 3apji;KeHHbIX naCTHU, B03HHKaiOUIHX B 

peayjibxare pajjHoaKTHBHoro pacnajia semecTBa. 

YcTpoRcTBo, ocymecTB/wiomee raKOH cnocoS nmznii^ 3JieKTpoHHbtx CHcreM, 
coiiep)Kamee reHepaxop 3iieKTpHMecKHX 3ap>uoB, npeoopasyiouiMfi SHeprHJO HcroHHHKa 
He3JieKTpM4eCK0M npMpo;ibi b 3;ieKTpM4ecKyK3 3HeprHK) 3ap5»;iOB c BbicoKWM 3ne*cTpM4ecKHM 
noTCHUHajioM h HaKontrrejib 3;ieKTpwMecKHX 3ap«aoB, b cooTBercsHH c nsoopereHHeM 
AonojiHHTejibHO coAepvKHT npeo6pa30BaTejib 3HeprHH 3thx aapJtaoB, Bxoii Koroporo 
noziKjTioHeH K Bbocozty reHepaxopa sapaaoB, a sbcxoii ynoMHHyroro npeoopajoBarejifl 
nonKJiioMeH Ko Bxojty waKonHTeiw 3;ieKTpHMecKHx 3apfljaoB, Bbixon Koroporo ^Bjwexcji 
BbDcoflOM ycrpoHCTBa. ripH 3TOM npeoopasoBaTCJib 3HeprHH sapwiioB BbinojiHeH c 

JIHCT B3AMEHH3T>flTOrO (HPAEHJIO 26) 
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UH) B03Mo>KHOCTHK) yBe.^HHeH^u, KO.HHecTBa HC.xo;,Hb.x 3.eK-rpMHecKHX sapHjxo., nocrynaK^ozHx 
Ha ero sxoa or reHeparopa 3ap«joB. h noHH>KeHmi 3i,e.cTpHMecKoro noreHUHajia 

npHHUHUHanbHyK) B03M0,KH0CTb /,OCTH>KeHH^ BbiuieyKa3aHHoro TeXHHHeCKOrO 

pesyjibTara mo)kho no«cHHTb Hcxoiw h3 ycmsm co6mcaeHm aaxoHa coxpaHeHvw 3HeprHH 
JWi cooTBerCByromero HsoopereHjuo npeoopaaoBaHUi, ajieKipHnecKOH aneprHH, KOTopoe b 

«05 Mflea;,bHOM BHi,e Bwr.-uuiHT khk q«Uin==Q*Uout, rj,e q h Uin cooTBercTBeHHo aap^a „ ero 
noreHUHaji Ha Bxoae npeo6pa30BaTen« 3HeprHH aapHiioB, a Q h Uout cooTBercTBeHHO vipm 
H noTCHUHaji Ha Bbixone ynoNmHyroro npeo6pa30BaTe;«, Hcxoaa h3 3Toro ycjiOBn^i mo>kho 
oqenm-b. hto 4^5. yBejiHseHH^ (yMHo>KeHHj.) KOJinMecraa 3ap5iflOB Ha sbrxoae 
npeo6pa30BaTe;u, anepPHH 3ap5moB. r e jvvi ycjiOBH^, Q>q, Heo6xoiiHMO, MTo6b. noTenuHa;! 

1 10 Ha Bxoae ynoMiiHyroro npeo6pa30BaTejw Uiti npeBbimaji noTCHUHan na ero Bbrxoiie Uout. 
ycjTOBHe Uin>Uout BecbMa jierKo peaiiH3yeTCH xexHUMecKH. r^ocKOJibKy noxeHUHa;! aapHaoB, 
npo«-3BoziMMb.x renepaTopaMM 2^pnms, xaKHx, Hanp.mep. KaK nbeaoi/ieMeHTb, nmi 
TpH6o3neMeHTbi, oopaiHo nponopuHOHajieH coocTBeHHoR h;ih Harpy30HHOH eMKOCTH h 

MOKCT ilOCTHraTb HeCKOJlbKHX TblCHM BO;ibT, B TO BpCMH Ka.K nOreHUHa;,, He06X0flHMblfi jvin 

l!5 nKtaHH^ 3JTeKTpoHHbix CHCTCM, B HacTHocTH MHKpoajieKTpoHHwx cxcM. cocTaBjwer Bcero 
HeccojibKo emmn Bo;ibT, 3<M)eCTHBH0CTb npouecca yMHO>KeHi« KonHnecTBa aapaaoB oyaer 
onpeae;mcj. KJIA ynow^iHyroro npeoGpaaoBaTeaji no OTHOUjeHHK) k npoueccy nepenoca 
3jjeKTpHHecKOM 3HeprMH MCxoaHoro sapsua co Bxoaa npeo6pa30BaTejw Ha ero Bbixoa 

HaKonHTCjib 3;ieKTpHHecKHx sapjuOB b yKaaaHHOM ycrpoiiCTBe MO>Ker obiTb 

120 BbinojiHCH B BKoe sjieicipHHecKoro KOHaencaTopa 

B OAHOM H3 BapMaHTOB BbinojiHeHHJi ycrpoHCTBa am nwranHJi 3;ieiapoHHbix chctcm, 
npeo6pa30BaTejib sHeprHH aapwoB BbtnojiHCH b bhjc noHHJKaiotuero TpaHC(})opMaTopa, 
nepBHMHaji o6MOTKa Koroporo coeaHHena c sbixoaoM rcHepaTopa siiCCTpHsecKHx sapwoB, a 
BTopHHHaa o6MOTKa Mepea BwnpflMHrejib coe;anHeHa c HaKonHxejieM 3;ieCTpHMecKHx sapjwoB. 

125 TaKOH npeo6pa30BaTe;ib 3<|)<j)€icrHBeH, Koraa renepaTop sapsaa npoH3BoaHT KopoTKHe 
BbiC0K03HepreTHtiecKMe HMnyjibcu roKa. 

B apyroM BapHaHTe BbinojineHHii ycrpoHCTBa ajw nHraHHS ajieinpoHHbix chctcm, 
npeo6pa30BaTejib sneprHH sapjwoB BbinojiHCH b sme nojrynpoBOflHHKOBoro 
npeoopasoBaTejw. exoflnaj. o6jiaCTb Koroporo, noflKjuoHeHHaa k Bbixoay reaepaTopa 

130 3fleifrpH4ecKiix sapjuos, oSpasoBaHa nojiynpoBOflHHKCBofi crpyKrypofi, npeaHasHaHeHHofi 
ami HaKOiuieHHH aapJWOB or reHeparopa sjieicrpHHecKHx sapjwoa h (JjopMHpoBaHHJi npouecca 
naBHHHoro npo6o« npH npcBwineHHH noporOBoro Hanpa«eHHji na nojiynposoanHKOBOH 
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crpy^rype. a sbixoiiHa^ oo.iacrb noitynpoBoaHHKOBoro npeoDpa30BaTe;i« oopaaoBaHa 
oDJiacTbK) paaflCJieHvw h HaKoruieHH., BTopHMHbtx aapafloB, o6pa3yK)u,Hxc« b pesyiibxare 
^raBHHHoro npo6os, h coeaHHCHa nepes Bb.np«Mjfre;ib c HaKonHTe;.eM 3neKrpiviecKw, 
3apjiaoB, BxoflHaii o6;iacTb nojiynpoBO^HHKOBoro npeo6pa30BOTeji^ MOJKer obiTb o6pa30BaHa 
pa3JiHMHb,MH crpyxiypaMH, HanpHMcp, o6paTHocMemeHHb.M p-n-nepexoflOM, apyrHMH 
nm^MH amjxHUX crpyKiyp. a laioKe TpaH3HCTopHofl. jimdo THpHcropHofi crpyiciypoK. 
KOTOpbie 6yayr o5ecnesHBaTb 6o;iee pesKHfi npouecc ;iaBKHHon> yMHO^KCHiM aiiennpHHecKHx 
3ap;i;iOB. 

npeoSpaaoBaxejib 3HeprHH sapjwoB, mojkct 6bm, raioKe sbtnoJiHeH b bhuc earapen 
KOHaeHcaTopoB. CHa6)KeHHofi KOMw^auHOHHbiM ycTpoH<n-BOM, npeflHa3HaMeHHb.M nju^ 
nepeioiK)MeHf«. KOHfleHcaropoB c noc;ieflOBaTe;ibHoro coeaHHeHM>., Heo6xo;iHMoro mui 
mKonnenm sapaaoB or reHeparopa sapaaoB, he noc-ieaywrnee napa^jiejibHoe coeaH«eHHe, 
no3BOJT«K)mee noHHafrrb noTCHUHaji zapmoB Ha Bbixoae npeo6pa30BaTe;w h npn 3tom b 
nojiHofi Mepe Hcno;ib30BaTb aecb sapsm, HaKoruieHHuf. Ha Ka^K^iov KoaaeHcaTope b 
OTflejTbHOCTH. B 3TOM BapHaOTc 3Hepr»u. 3jieicrpHMecKMx 3apHiiOB, BbipaooraHHaa 
reHeparopoM sapwoB, HcnojibsyercJi c HaM6ojibajeH 3(})(})eicrHBH0CTbK). 

reHeparop 3JieKTpHMecKHx sapaiioB mojkct 6brrb BbinojiHCH b BHae nbesoaneMCHra, 
-rpHooajiCMeKra. npuBjiCKaTeiibHO raioKe HcnoabsoBaHHe raKoro npaicrHHecicH 
HCHCwepnaeMoro no cmkocth rcHepaTopa 3jieicrpHMecKHX sapjwoB c bwcokhm 
3Jie.crp^.4ecKMM noTCHUHajiOM, kuk HanpHMep, paa.toaKTMBHbiH mctoshmk 3apM:«eHHbfx 
sacTHu. KOTopbifi MO)KeT 6brTb BbinojiHeH B Bnae KOHncHcaropa , oam o6KJiaaKa KOToporr 
coaep>KHT pajHoaicTHBHbiH MarepHaji HSJiyMaiomHfi sapaKCHHwe 3-HacTHUbi, a jipyran 
155 o6KjiaaKa cjiy^MT hx KOJuieicTopoM. 

flsa nocjieaHMx BHaa reHeparopoB jjieiopMsecioix sapaaos npoM3B0aJiT 3apaa 
cpaBHHTejihHO MeaacHHO, noaroivfy paa npeo6pa30BaTe.ieH sneprHH aapjiaoB. onHcaHbrx 
Bbiuie, ueaecoo6pa3Ho aonoaHHTb (J)opMHpOBaTeaeM kopotkmx HMnyjibcoB, BicnwMeHHbiM 
MCJKay BbrxoaoM reHeparopa 3aeKTpHMecKHx sapjiaoB h Bxcaow npeoepasoBarejw 3HeprHH 
3aeicrpHHecKHx aapjinoB, BbinoaneHMbiM noao6Ho raaopaspjiaHofl xpydKe nudo b aiiae 
nojiynpoBoaHHKOBoro noporoBoro saeMewra, nanpHMCp, THpHcropa 

KpaniKoe onucanue ^luyp HepmeMceu. 
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a>Hr I - Gjiok cxevia, ycrporfCTBa x^m ntrraHM^i 3;ieK-TpoHHbrx cucreM. b KOTopoM 
peajiM30BaH 3a«BJieHHbm cnocoo nHxaHHii 3jieKTpoHHbix cHcreM, BKjnonaioiiiHH 
npeo5pa30BaHMe h HaKonjieHne 3;ieKTpKMecKHx 3apJij30B. 

a)Hr2a - ycrpoHCTBo ;uw nm^Hm 3JieKTpoHHbrx CHcreM, b KoropoM npeoopasoBarejib 
3HeprHH aapjmoB BwnojiHeH Ha ocHoee noHH5KaK)mero TpaHC(J>opMaTopa. 

<t>Mr.26 - yCTpOHCTBO JUlSi nHraHH^l 3JieKTpOMHbiX CMCTCM, B KOTOpOM 

170 npeoGpasoBarejib aHeprwH 3ap«iiOB Bbino;iHeH Ha ocHOse noHH)Kaiomero TpaHc4>opMaTopa, 
zionojineHHoe noporoBbiM 3JieMeHT0M. 

OhfJ - sapHaHT ycrpoHcrrBa juiz nwraHHii 3JieKTpoHHbix cxeM, b KOTopoM 
npeoDpaaoBarejib aneprHH 3apHiioB BbinojiHCH Ha ocHose nojiynpoBOWHKOBOH cnpyKiypw. 

ct)Hr.4 - ycrpoHCTBO msi HHranHj? ajreicrpoHHbix cxcm, b KoropoM npeoopaaoBarejib 
3HeprHH 3apHzio8 BbinojiHen Ha ocHose oarapen KOHjieHcaTopoB. 



npednoHmumejihHbie eapuanmu ocyuiecmAienuM uiodpemeHUJi, 

KaK noKa3aHo na ^hvA, ycrpOHcrrBo zum nHraHH^? 3;ieKTpoHHbtx CHcreM co;iep>Kirr 
reHeparop 1 aapjuioB, BbixoA Koroporo nozjKJUOMeH fco bxo;iy np€06pa3OBaTe.Ti! 2 3HeprHH 
3apH;iOB, a Bbixozi npeo6pa30BaTejw 2 nonionoHeH ko Bxoity HaKonHrejui 3 aapjuioB, sbrxozi 
KOToporo aBjiaerc^i BbixoflOM ycrpoAcTBa. 

HaKORMTejib 3iieKTpHHecKHx 3apjiaoB, Mo>KeT 6brrb BbinojiHen b BHiie 3JieKTpHHecKoro 
KOH^ieHcaTopa, a rafOKe 6o/iee cjiohchoh CHcreMw, BjciiOHaiomeH aKKN-MynirropHbie 
HaKonHTejiH c nuibBanHMecKHMH miH cynepHOHHbiMH 3jieMeHTaMH. 
185 CorjiacHo ({)Hr.2a ycrpCHCTBO xuw nHraHtw 3jieKTpoHHbix cucreM, b KoropoM, 

npeoepaaoBarejib 3HeprMH 3apjmoB coziep^KHT TpaHc<})opMaTop 4, nepBHHHa^i ooMOTKa 5 
KOToporo aBjweTC5i bxo;iom npeo6pa30BaTejw, a BTopHHHa^i o6MOTKa 6 coejiHHeHHaii c 
BwnpjiMMTejieM 7, o6pa3yeT Bbixoj:^ ynovwHyroro npeoopaaoBarejw, coeawHeHWH c 
HaKonMTCiibHbiM KOHAeHcaxopOM 8, KOTopbiM HBjwercH BbixoAHMM 3JieMeHT0M yKasaHHoro 
190 ycrpoHCTBa. 

Ha (|)Mr26 K3o6paxeHo ycrpoMCTBO nHxaHKa 3;ieKTpOHHb4x chctcm, 

BbinojiHeHHoe no cxevie, npeAcraBjieHHOH na 4)Mr 2a, h iiono;iHeKHoe noproBbiM 3;ieMeHTOM 

9. 

B ycTpoHCTBc juisi HHTaHiw 3jieKTpoHHbDC CHCTCM cofjiacHo (J>Hr.3 npeoopasoBarejib 
3HeprHH 3apa;iOB BbtnojineH b BHjie nonynpoBOiiHMKOBOM CTpyicrypbi, MMejouueM nozuiOKKy 
10 n-THna, c 3nHTaKCMajibHbiM cjiocm 1 1 p-rana. B annraKCHajTbHOM cjioe 1 1 c4)opMMpOBaHbi 
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Bbmp.M;T.K)u.HH KOHxa^ 12, B.,no;.HeHH..M B B.uie p-n-nepexoaa. „ oMHHecK„f. KOHTa,cr 13 
KoHTaKTbi 12 „ 13 o6pa3yiOT bxoa ynovwHyroro npeoopaaosaTejis Buxoahom 
HaKonHxeiibHbiH KOH;,eHcaTop 8 yxaaaHHoro ycrpoHcrBa coeaMHen oahmm Bbi8o;iOM c 
noiwOHCKOH 10 M apypMM BbiBOflOM Hepcs BbinpsMirr^b 14 c BMnp«Nuu,K)inMM KOtnaicrOM 12 
Ha (j)Hr.4 npeflcraajieHo ycrpoHCTBo ajw ntrraHiu 3;ieKTpoHHMx chctcm, b KoropoM 
npeoopaaoBaxejih sHeprnH aapwoB, coaep*amMH Ha6op k3 n oaHHaKOBbix KOHiieHcaTopoB 
15. c noMombK) ycrpoHcn-Ba KOMMyrauHH 16 wp^Ker 6brn. TpaHc4K>pMHpoBaH b c5opKy c 
noc;,eAOBaTe;ibHb,M coeAHHeHHeM 3tm.x Kon^eHcaropoB. Koma see KOMMyraropb. 
205 nepeBeaeHB. b nojioHceHHe I, n»6o a c5opKy c napa;u,e;ibHb,M coeziHHeHHeM KOMeHcaTopoB. 
Koraa Bce KOMMyraxopb. nepeseiieHb. b noiio^eHHe n. K Bb.xoay ynoN^Hyroro 
npeoopaaoBarejiH, nepes Bbinp«Mvrreiib 14, noa,oiK)HeH sbixonHOH HaKonirreiTbHuR 
KOHaeHcarop 8. 

B cooTBercBHH c (},nr 1 npeoopaaoBaHne He3.ieKTp.,HecKon 3HeprHH b 3.ieKTpHMecKyK) 
210 3HeprHKD ocymecTBn«m c noMouibKj reHepaxopa 1, KOTopbifi Bb.no;,HeH c BOiMO^KHOcrbK) 
npoH3Bo;iCTBa sjieirrpHMeciaix sapswoB q c bbicokhm SiieicrpHMecKHM noxenuHajiOM Uin 
Bwpa6oxaHHb!e renepaxopoM 1 sapnabi q nocrynaiox Ha bxoa npeo6pa30Baxe;w 2 sneppHH 

3apHflOB, KOXOpwfi BbmOJlHCH C B03MO>KHOCrbK) yB^WHCHm HCXOaHOrO KOJlHMCCTBa 

3/ieKTpnMecKHx 3apaa08 m noHiDKCHu^, MX 3jie^H4ecK0ro noreHUMajia Ha Bb.xo;ie 
npeoepaaoBaxejw 2 3jieicrpHHecKHe sapjuu.. Q c Bwxoaa npeoopaaoBa-rejw nocrynaiox na 
Bxofl HaKonnxejia 3 3xhx sapHaoB, KoxopwH ..rpaer po.ib BbixojHoro 6y<^epi ycxpoficrBa 
ojm oHxaHiw 3JieicxpoHHb.x cHcxeM h npeiiHa3HaHeH win HaKoruieHiu. h xpumnm 
sjie^pHHecKHx sapHaoB. Bb.xo;i mKonm^ 3, KaK y*e axMenajiocb, jiBjwerc« BbixoiioM 
ycxpoHcxBa aiw nHTanmi sjieicxpoHHbix chcxcm 
220 npeoSpaaoBaxejiM sjieicrpHsecKofi 3HeprHn yCTpoficrBa jum mnnHHn 3;ieKxpoHHbix 

CHCXCM, no 4)Hr.2a h (j)Hr.26, pa6oxaiox b HMnynbCHOM pexHMe. Ecjih aKXHBHsaura 
reHepaxopa 1 sapjwa npHBo;iHx k o6pa30BaHHK) BbicoK03HeprerHMecKoro xoKOBoro 
HMnyjibca, xo npH noaaHe xaxoro xokobopo WMnyjibca b nepsHMHyio ooMOXKy 5 
TpaHC(})opMaxopa 4 5;iaroaapji sjieiopoMarHMXHOii TpaHc4)opMauMH SHCprMM MMny;ibca bo 
225 BxopHHHOfl o6MOXKe 6 xpaHC(})opMaxopa 4 HasoaHxcs HMnyjibc 3;ieKTpojiBH>KymeH CHjibi 

(3AC). nOCKOJIbKy 4MCJ10 BMXKOB BO BXOpHHHOH OOMOXKC 6 MCMblije, MeM HMC;iO BHTKOB B 

nepBHHHOH o5MOXKe 5, to aMjurryaa 3flC bo BropHMHofi ooMoxKe 6 5yaer MCHbuie, hcm 
aMiMHTyfla BxoflHoro Hanp«)KeHi«. a aMruTHTyaa xoKa bo bxophhhoR o6MoxKe dyaer 
npeBbiiuaerb aMiuiHxyfly roKa b nepBHMHOfi o6MOTKe 5 TaxHM o6pa30M, nojiHbift sapaa Q b 
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230 rroM BTopHHHOM HMnyjibce no;iyMaeTC5, 5on*.uje, hcm 3ap«4 q. 3aiciH3MeHHbiH b nepBHMHOM 
HMny^ibce, Hcxofl^meM ox reHeparopa sapaaa. Oocjie BbinpHMjieHM^i BTopHHHoro tokobopo 
HMnyjibca Ha flByxnojiynepHoaHOM sbinpHMHrejie 7 ero 3ap«a Q HaKaainsaerca Ha 
HaKonHT&dbHOM KOHacHcaxope 8. 

EcjiH am-HBHsamM reHeparopa 1 sapjuoB hc mojkct oGecnenHB^n, KopoTKoro 
235 BbicoK03HepreTHHecKoro HMnyjibca xoKa, to Heo6xoflHMo Hcnonb30Baxb noporoBWH 3JieMeHT 
9, coeflHHeHHWH nocjieflOBaTCJibHO c oahhm h3 ewBOfloB reHeparopa 1 sapjma h oaHHw h3 
BbiBOaoB nepBMMHOH oOMOTKM 5 MMnynbCHoro TpaHc4)opMaTopa 4 ((})Mr.26). B ymH cxcmc no 
(t)Hr.26 HMnyjibc roKa b nepBHHHofi o6M0TKe TpaHC(})opMaTopa oepasyercji b pe3ym.rare 
nepeicTiOHeHMj. (npo6os) noporoBOro 3;ieMeHTa 9 npn npeBbiuieHMH Ha hcm HanpjuKeHK^. 
240 Bbiuie onpeaejieHHOH BejiHHHHbi. 

noporoBbifl 3jieMeHT b 3tom cxewe mokct owrb BMnojiHCH b Biue xpyokii c 
rasopaspaflHbiM npoMOKyxKOM jihoo no;rynpoBoj3H»KOBOH crpyKrypw. HanpHMcp, 

THpHCTOpa. 

BapHaHT no 5yaeT BecbMa 3<|)<})eicrHBHbiM npH BbinojiHeHHH reHeparopa 1 

245 sapjiaa b sitae rpn6o3JieMeHTa hjih paanoaKTHBHoro ncT04HHKa 3apH>KeHHHbK h&cthu. B 
raicHx rcHeparopax 3JieKxpHMecKnfi 3apjw h cooTBercTByiomMH noTenuHaji na Bwxoae 
reHeparopa HaKanjinaaexca cpaBHtirejibHO MCzuieHHo 

B npeo6pa30Barejie 3HeprnH sapHflOB ycrpoHCTBa iiHraHHJi jum 3jieiapoHHba CHcrcM, 
BbinojiHCHHOM Ha ocHoae nojiynpoBoaHMKOBOH cxpyicrypbi (j)Hr3, Hcnonbayerca 34)<})e(rr 
250 JiaBMHHoro npo6o« a no;iynpoBOaHHKax. B HcnoabSOBaHHH 3<}5(i)eKroB CBSisaHHbix c 
aBToajieiopoHHofi yaapHofi HOHMsauHCfi m jiasMHHbiM npo6oeM b nojiynpoaoaHMKax 
(S.M.Sze. Physics of Semiconductor Devices, N.Y., 1981] 3ajiO)KeHw o6uiHpHbie 

B03M05KHOCTM. B COOTBeTCBHH C 3THMM 3(|)4)eKTaMM 3Jieicrp0Hbl C BblCOKOM 3HeprHeM 

ejiaroaapH coyflapcHiwM c MOiiCKyjiaMU cpeau Bbi5HBaior h3 hhx aonojiHHreiibHbie hochtcjih 
255 aapjwa, iro npM cnpeaejiCMMbix ycjioBKJix mojkct npnaoaMTb k uenHofi peaKUMM mx 
JiaBHHHoro yMHOJKCHHu. Ha ocHOBe jiaBHHHbix HeycTOHHHBocTCH pa6oTaiOT raicHe mBecrnbie 
nojiynpoBoaHHKOBbie npHOopbi xaK - rHpHcropbi h JiasHHonpojierHbie jmoau. 

B ycTpoiicTBe ann nirraHiM aJieicrpoHHbix cHcresi, BwnojiHCHHOM Ha ochobc 
nojiyynpoBOflHHKOBOro npeo6pa30Barenji no <|)Hr.3, BbinpaMnjiioiyKA KoarakT 12 coaep/KMr 
260 ooparHOCMewcHHbifi p-n nepexoa, na cmkocxh Koroporo HaKaruiHsaCTca sapjui q, 
Bwpa6arbiBaeMwfl reaeparopoM 1 sapaaa. Flpw npeawujeHHM HanpsnKCHMeM Ha p-n nepexoae 
BCJtMHHHw noporoBoro HanpajKCHHi! npoHcxoaHT ero ajieicrpHMecKHfi npooofi, 
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conpdBO>K^aK,m.HCH po)Ki,eHHeM ;,aBHH., 3;ieK-n)OH.ziB,poHHb.x nap qacTB HepaBHOBecHu^ 
HOCHTeiieM 3ap«jia Gy^er nepereKaxb b OMHsecKHfi koht^tt 13 O^iHaKO, ec;,H conpoTHB;,eHMe 
265 3nKraKCHai,bHoro c;,o« 1 1 c^jeiiaxb flOcrarowHo 6oi,buiHM, to tok yrenxH nepes Ko^rraia 13 
MOKer 6biTb CiieiiaH Menbuie, new tok hh^kckuhh 3;,e.apoHOB h3 caribHOflerHpoBaHHofl n- 
o6i,acTH nozuioHoa. 10 b oKpecTHocrH ko^^, ,2, B03HHKaK>mHH 6naroaap. 
npocrrpaHcrseHHOMy nepepacnpeae^iCHHio anempMsecKHx noTCHUHajiOB b crpynype noc^e 
npo6oH p-n nepexoaa BbinpuMjunomero KOHraicra 12. Tok HH^eKmn noiuio^KKH 
270 KOMnencHpyer tok HepaBHOBecHux ;,MpoK, apefi^ywuiMx err KOHxaicra 12 b cropoHy 
nomo^m 10, h 6ya^ aapH^KaTs nepea Bb.npHMfrrej.i> 14 HaKon^rreiibHufi KOH^jeHcarop 8 ac 
sapnaa Q. Bjiaroaapa TOMy, mto KOjiHHecTBO HepaBHoaecrrHbix 3apaaoB, po^neHHbix 
iiaBHHHbiM npoooeM, BO MHoro pa3 npeBuuiaer 3ap«i, q. npeasapm-e^ibHo npoH3BeaeHHb.H 
rcHeparopoM 1 sapaaa, xaKofi nojiynpoBo^jHHKOBbiii npeo6pa30BaTeiib 5ya^ paGoT^Tb kz-, 
275 yMHO^.n-e;,b sapwa q KaK y>Ke ynoMHHa.iocb. o5iiacrb p-n-nepexo;,a KOHTaicra 12 Mo>Ker 
6biTb Bbmo;iHeHa b BHfle hhoh noiiynpoBOflHMKOBOM crrpytcrypbi, HanpMMcp, jiaBHHHOro 
nojiynpoBOflHHKOBoro aaoaa, TpaHSHCTopa hjih TupHcropa. OcHOBHoe xpeSoBaHHe k yroU 
cxpyKxype coctomt b xom, 4To5bi ee BxoAaaa ewKocrb 5bijia cpaBHMxejibHo Ma^ia, ^ 
no3Bo;uu,o 6b. HaKonwrb 3ap«;, ox reHepaxopa sapwoB c bucokhm noTeH«Ha;,oM h nooie 
280 npeBbiuieHK^i HeKOxoporo noporoBoro Hanp5,«eHH.. c4)opMnpoBaxb nMny;,bc xoKa npo6o« 
3TOH cxpyKxypw c oepasoBaHHCM npouecca JiaaHHHoro yMHOJKeHHH HocHxejiefi aapjiaa, 

B ycxpoficTBe ann nnnnnst 3jieKxpoHHb.x chcxcm, noKaaaHHOM Ha (JjMr 4. 
np<.o6pa30BaTejib 3HeprHH 3ap5.flOB ocHOBaa na KOMMyrauHH Ha6opa sjieMem-apHMx 
HM3K0B0i.bXHb.x KOM;,eHcaxopoB 15 CMKOcrbK) C M pea;iM3yer npocrofi cnocoo 
285 npeo6pa30BaHiw bcjikhmhw HCxoflHoro 3ap>ua q, Bbipa6aTbiBaeMoro reHepaxopoM 1 sapjuia 
npM nocjieaoBaxejibHOM coeflHHeHMM KOHacHcaxopoB 15 (bcc KOMMyraxopbi 16 ycxaHOBJieHw 
B nojiojKeHHc I) o6ma>i BxcflHaa CMKOcxb npeoopaaoBaxejw Majia h onpeflejwerca Kax 
Cin=C/ii. rae C - CMKOcxb Kaamoro KOHjCHcaxopa 15, a n - kojimmccxbo KOHjeHcaxopoB 15 b 
npeo6pa30BaxeJie. Ecjih rcHepaxop 1 sapaaa awpaooxaji He6ojibuiyio nopumo sapwa q. to 
290 Hanp^^KCHHc Ha Bxoae npeo6pa30Baxe;w 6y;jeT GojibuiMM m onpeaeji«exca Kax U!n=nq/C. OpM 
3T0M 6;iaroflap« nocjie;ioBaxejibHOMy coeiiKHCHHio Ka«abiH oxaejibHWH KOHfleHcaxop 15 
6yaeT aapjDKCH ojiHHaKOBbiM 3apjuoM q. Hpn nocjieayromefi ycxaHOBKe Bcex KOMMyraropoB 
16 B nofloxeHHe H see KOHfleHcaxopbi 15 cotmwmyTCH napaJuienbHo. TaKoe napajuiejibnoe 
coewHeHHe KOHjieHcaxopoB 15 6ya^ HMerb CMKOcrb Cout=nC, a 3ap«4 axon cmkocth 6yiier 
295 paBCH cyMMe aap^OB Bcex KonaeHcaxopoB 1 5, x.e. nenmrne Q=nq. BejiHHHHy Hanp««eH.w. 
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o6pa3yK)merocH Ha sbixozie iipeoopa30BaTe.T>i, mo>kho onpeiiejiKTb kslk 
Uout=Q/Cout=q/C=Uin/n. TaxHM o6pa30M, crpyioypa aeiieT ce6« ksk yMHO>KHTeJib b n paa 
3apw q, npOH3BOiiHMoro reHeparopoM 1 3apw, c onHOBpeMeHHWM noHH)KeHHeM b n pas 
ero noTCHUHajia Ha Bbrxo;^e npeo6pa30BaTejw. HaxoruieHHe ajieicrpuHecKHx sapjmoB ox 
HecKOJifaKHx nocjienoBaxejibHbDc aicroB rcHepauHH 3jieKTpHHecicHx 3apaaoB nocpencxBOM 
rcHepaTopa 1 sapHAOB npoMCxoAwT Ha HaKonHxejibHOM KOHAeacaxope 8 noAtcjiiOMeHHOM k 
Bbixony ynoMHHyxoro npeo5pa30Baxe;w, nepes BwnpjiMMxejib 14. 

KoMMyxaxopbi a npeoSpasosaxejie aa ^urA Moryx Gbixb BbinojiHeHbi KaK c 
MexaHHMeCKHM ynpaBjieHHCM, xaK h c HcnojibaoBaHHeM 3;ieKxpoHHbrx cpe^cxB KOMwyxauHH. 

fTpueedeHHbie eume npuMepht ehinoaneHUH cnocoda u ycmpoucnte dim numanux 
jjieKmpoHHhix cucmeM HSJiMiomcH Jiuiub ujuiiocmpa^ueu u hu s Koeu Mepe ne 
oepanuHueaem o6beMa uio^pemenusi, xapaKmepuiycHoeo tpopMyAou u^odpemeHujn, 

flpoMhiULieHHOJi npuMenuMocmh. 

^ HaoopexeHHe xaioKe Aaer soaMOMCHocxb 34)(})eKXHBHaro Hcnojib30BaHi«i h HaKonjienwii 

3;ierrpHHecKOH 3HeprHM or xhkhx hcxohhhkob KaK nb€303J!eKxpHHecKHe h 
xpH6o3JieKxpHHecKHe npeo6pa30Baxe;iH MexaHHHecKOH aaeprHH, paAHoaicTHBHbie hcxohhhkh 
3apnKeHHbix MacxHU, a xaKjKe or wHbix renepaxopoe 3JieKTpH4ecK>ix iapsAOB. 

npHMeHCHMe ycrpoMcxB nHxaHH«, cooxBexcxBywiUHx z^aHHOMy H3o5peTeHHK>. 

315 HawGojiee 3(l)4)eKXMBHO b aBTOHOMHwx 3;ieKxpOHHbix CHcreMiK c KpaxKoepeMeHHbiM 
noxpe6jieHHeM 3JieKxpHMecKoro uwxaHHii, xaKHx KaK, nanpHMep, 3JieKXpOHHbie 3aMKH, 
CHHXbiBaiomHe ycrpOHcraa iuw 3JiejcrpoHHb(x Kapx, KajibKyjwropw, nopxaxHBHbie 
nepeAaxHHKH CHrnajiOB nHcxaHUHOHHoro ynpaBJieHH>i, cencopHbie ycxpoMCxaa, h x.n. 

BjiaroAapH M3o6peTeHMio, paAnoaKXHSHbie renepaxopbi sapHAOB MOryr obixb 

320 3(})<|)eKXHBHO Mcnojib30BaHbi A/w AOJiroBpeweHHoro nm^nwsi 3;ieKxpoHHbix chcxcm. He 
no3BOjiHK)mHx nacxoro cepBHCHoro o6c;iy)KHBaHn>i, xaKHx KaK, wanpHMep, cepAeHHwe 
cxHMyn^rropM, HasHrauHOHHwe paAHOMa^iKH, CMcxevibi csfTHajiHsauHH h onosemeHra. 

H3o6pexeHMe nosBOJwex co3AaBaxb CMcxeivtbi HaKonjieHnsi sjieKxpwHecKOK 3HeprMM 
nyrcM 3<j>(|)eKXHBHoro npeo5pa30BaHwi MexaHHnecKOH 3HeprHH ox xaKHx HCHCHepnaeMbPc 

325 npHpOAHbtX HCXOHHHKOB MCXaHMHeCKOH 3HeprHH KaK 3HeprFm Berpa, 3HeprH5I MOpCKHX BOJIH, 
3HeprHJI npHJlHBHblX xeHeHHH 
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1 I 

<t>OPMyjlA M30BPETLHHfl[. 

1. Cnocoo nHTaHH^i 3;ieicTpoHHbix CHcrevi, BKJiHDHaioiJUHH npeoDpa30BaHHe 
He3;]eKTpnMecKorf 3HeprHH b 3;ieKTpHHecKyio 3HeprHK> h HaKorLieHne 3JieKTpHMecKHx lapn^ioB 
JVisi umaHM 3;ieKTpoHHbix chctcm, ommmaiouiuucR tcm, hto npeo5pa30BaHHe 
HesjieFopHHecKOH 3HeprHH b 3JieKTpnMecKyK) 3HeprHK) ocymecrBJiHrox nyrcM reHepauHH 
3-ieKTpH4ecKifx sap^i^iOB c BbicoKHM 3;ieKrrpHHecKHM noTeHUHa.ioM, a nepen HaKonjieHHCM 
3/ieKTpnHecKifx 3apjiiiOB npoH3BOAHT npeo6pa30BaHHe 3Hepnin 3ap;i;iOB, conpoBo^Kziarcmeecs 
yBejiHHeHHeM KOJiHHecrea hcxouhbix sxteicrpMHecKHx sapjuoB h noHM>KeHHeM hx 
3;ieKTpH4ecKoro noTeHunajia. 

2. Cnocoo no n. U omjiu^afou^uucH tcm, hto npeo6pa30BaHHe HesjieiopHMecKofi 
3HeprMH B 3.ieKTpn4ecKyK) ocyiijecTB;iHK)T nocpeacTBOM nbe303JieicTpKMecKoro 
npeoopasoBaHHi?. 

3. Cnocoo no n I, ontiu^aiouiuucn tcm, mto npeo6pa30BaHne He3JieKTpMHecKon 
3Heprnn B 3jieKTpnHecKyK3 ocymecTBjiHHDT nocpeacTBOM Tpn5o3;ieKTpHHecKoro 

15 npeoopasoBaHHJi. 

4. Cnocoo no n. I, om.v4uafouiuucR revi, hto b KaHecrse 3apaaoB c bwcokhm 
3JieKTpHHecKHM noTeHUMajiOM HcnojibsyiOT BbicoK03HepreTHHecKHe 3apH>KeHHbie HacTHuw, 
B03HHKaK)m»e b pe3yjibTaTe pa^iHoaKTHBHoro pacna^ia BeiuecxBa 

5. ycrpoHCTBO nHTaHH« 3JieKTpoHHori cHCTCMbi, coflcpjKamee reHeparop 
3iieKTpHHecKMx 3apaaoB, HcnojibsyjomHH npeo6pa30BaHHe He3-ieKTpHHecKon 3HeprHH b 
3JieicTpHHecKyK> 3HeprHfO, h HaKonHTCJib 3JieKTpHHecKifx aapazlOB, Bbrxozi Koxoporo HBjwerca 
BbrxoaoM ycrrpoHCTBa, ommimiouieecH tbm, hto b Hero BseacH npeoopaaoBajejib 3HeprHH 
lapflzioB, Bxozi KOToporo noziioiiOMeH k Bbixojiy reneparopa 3/ieKTpHHecKifx sapjrjioB, a Bbrxoa 
- KG Bxoziy HaKORMTeiifi 3;ieKTpMMecKHx 3apflA0B, npH 3T0M vnoMflHyxbiH npeo6pa30BaTe/ib 

25 BbinOitHCH C B03M0)KH0CTbK) yBeJIHSeHJW KOJlHHeCTBa 3;ieKTpKHeCKtfX 3apHAOB, nOCTynaK)LllHX 

Ha ero bxoji, m noHH>KeHHH noreHUHajia 3JieKTpHHecKHx sapazioB Ha ero Bbrxo^ie. 

6. ycTporiCTBo no n. 5, omju^afouieecM tcm, hto rcHepaxop 3JieKTpH4ecKoro 3apHxia 
BbmOvTHCH Ha ocHOBe nbe303jieMeHTa. 

7. VcTpoHCTBo no n. 5, omjiu^afouieecR xeM, hto reHeparop 3jieKTpHHecKoro sapa/ia 
BbinOvTHCH Ha ocHOBC xpHGosjieMCHTa 

8. VcTpOHCTBO no n. 5, ommtnaiouieecH tcm. hto reHeparop 3neKTpMHecKoro 3apji;ia 
BbinonneH aa ochobc paziHoaKTHBHoro HcroHHHKa 3ap5t>KeHHbrx nacTHu. 
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9. VcrporiCTBO no nn. omjuuoHwfeec^ tcm, hjo HaKonMre.ib 3jieKfp.tMecKux 

BapHilOB BbinOJlHCH B BllJX^ KOHiieHCaTOpa. 

10. ycrpoHCTBo no jiwooMy m nn 5 hjim 6, om.iuHa}ouieecn tcm, hto 
npeo6pa30BaTe;ib 3HeprHM 3apjmoB BbinojineH s Bime noHJOKaiomero TpaHcc})opMaTopa, 
nepBHHHan ooMoxKa KOToporo coeijuHeHa c BbfxoAOM reHeparopa 3JiefcrpHMecKHx 3ap5iiioB, a 

BTOpHHHan ODMOTKa MCpCS BbinpHMHTCJlb COCilHHeHa C HaKOnHTejlCM 3;TeKTpHHeCKHX aapHuoB. 

11. VcTpoHCTBO no jiK)60My H3 nn. 5-10, ontiuuaiomeecH tcm, 4to uonojiHHreiibHo 
co/iep>KHT 4)opMHpOBaTejib KopoTKHx HMnyjibcoB, BK-iWHeHHfaiH MOKuy BbixoiioM reHeparopa 
ajieicrpuqecKHx sapflaos h bxo;iom npeo6pa30BaTeJi5i 3HeprHH sjieirrpHHecKHx sapKijOB, 

12. ycrpoHCTBo no jiioooMy h3 nn. 5-9, ommuafoiHeecH reM, mto npeoopajOBaTejib 
3HeprHH 3ap5ijiOB BbinojiHCH B BHAe no/TynpoBOJHHKOBoro npeo6pa30BaTe;iH. BxoiiHaH 
ooiiacTb KOToporo, nonKJifOHeHHa^i k Bbrxoiiy renepaTopa sjienpHwecKHx sapHnoe, 
oopaaoBaHa no;iynpoBOHH»KOBori crpyKrypoH, npeaHasHaHeHHoa iinn HaKonjieHHj? 3ap;iziOB 
OT reHeparopa 3JieKTpnHecKnx aapa^OB h 4)opMupoBaHHH npouecca jiaBUHHoro npoooJi npn 
npeBbtiueHHH noporoBoro Hanp5?>KeHHH Ha ynoMHH\Tori nojiynpOBoxiHHKOBOH crpyKrype, a 
BbixoiiHa>i oojiacTb ncjiynpOBOziHHKOBoro npeo6pa30BaTe;w oopaaoBaHa oojiacrbK) 
paaixejieHHK h HaKonjieHHH BropanHbix sapjinoB, oopaayiouiHXCH b pesyjibrare jiasHHHoro 
npoooH, » coeiiHHeHa nepes BbinpHMHrejib c HaKonirrejieM 3neKTpnMecKKx aapHiioB. 

13. ycTpOHCTBO no JiK)6owy m nn. 5-9, ommuaioH^eecH reM, hto npeoopaaoBarejib 
3HeprHM 3apazi0B Bbino.iHCH b smt oarapen KOHiieHcaTopoB. CHa6>KeHH0H KOMMvrauHOHHbiM 
ycrponcTBOM, npciiHaaHaHeHHbiM jxnsi nepeioitOHeHjw KoniieHcaTopoB c nocjienoBare/tbHoro 
coeiiHHeHHii, HeooxoaHMoro HaKoruieHHii 3apfl;i0B or reHeparopa 3;ieicrpMMecKnx 
3apHiiOB, Ha noc;ie;iyK)mee napajinejibHoe coe;iMHeHne, no3BOiiaK)Laee cyMMHpoBarb sapHabi, 
HaKoaneHHbie na Ka>KiiOM KOHixeHcarope, c oziHOspeMeHKbiM noHH>KeHHeM noreHUHajra 3thx 
3apii40B Ha Bbixoiie npeoopasoBarejw. 
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(57) Abstract 



The present invention relates to a method and an apparatus providing autonomous power 
supply to electronic systems by means of converting the energy from non-electric sources into 
electric energy with charge generators. Examples of charge generators suitable for such 
apparatus include piezoelectric elements, triboelectric elements, and radioactive sources of 
charged particles, which do not require periodic replacement or recharging, unlike the 
conventional electric power sources such as galvanic batteries. When a charge generator (1) is 
activated, it produces a group of electric charges q with a high electric potential Uin, which are 
fed to the input of a charge energy converter (2). The converter (2) functions to increase the 
initial value q of the charges up to a value Q, while decreasing their potential to a value Uout 
which is lower than Uin. An electric charge accumulator (3) is installed at the output of the 
apparatus to accumulate the charges Q produced by the conversion, which are required for 
supplying power to electronic systems. 
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METHOD FOR POWER SUPPLY TO ELECTRONIC SYSTEMS AND APPARATUS 

THEREFOR 

Technical Field 

The present invention relates to means for autonomous power supply to electronic 
systems, in particular, to a method and an apparatus for power supply to microelectronic 
circuitry. 

Prior Art Technology 

Owing to recent progress achieved in microelectronics, some of electronic microcircuits 
(for example, CMOS) employed for small-scale calculations require a very small amount of 
electric energy. For this reason attempts have been made to provide autonomous power supply to 
such microcircuits, for example, by installing ultrasmall galvanic power sources in the 
microcircuit housings. 

A limited service life of galvanic sources is a drawback of such apparatus. 

Accordingly, it seems inviting to abandon the galvanic power sources that have a short 
service hfe and to use miniature devices converting the energy of non-electric sources into 
electric energy to obtain small electric charges sufficient for short-term power supply to an 
electronic system. 

For example, a method and apparatus are known which are designed to supply power to 
an electronic system by means of an induction generator comprising a step motor (US Patent No. 
5,061,923, CI. H 04 Q 9/00, 1991). This apparatus for power supply to an electronic system uses 
mechanical rotation of the motor, which makes it possible to induce an electric voltage sufficient 
to supply power to the electronic system on the stator winding output. Such mechanical 
movements are, however, unsuitable for some apparatus. Moreover, a comparatively large size 
and high cost of the motor limit the application of such power source. 

A method and an apparatus for generating current pulses for activating a light-emitting 
diode are also known (US Patent No. 4,595,864, CI. H05B 37/02, 1986). In this apparatus, a 
piezoelectric element subjected to a mechanical impact generates a current impulse which is 
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converted by a pulse transformer into a current pulse required to activate a light-emitting diode. 
In this apparatus, the impulse transformer is a single circuit element and it serves as a matching 
element required for an effective passage of a current pulse from the piezoelectric element 
having a high input impedance to the light-emitting diode having a low input impedance. 
However, this known apparatus is not designed to accumulate electric energy produced by the 
piezoelectric element, such accumulation being required for stable power supply to electronic 
systems. 

In terms of technological essence the closest to the present invention is a method for 
power supply to an electronic system comprising converting non-electric energy into electric 
energy and accumulating the electric charges supplying power to the electronic system 
(European Patent No. 0725452, CI. H 01 L 41/1 13, 1996). An apparatus for supplying power to 
an electronic system, which is employed to implement the above-mentioned method, comprises a 
generator of electric charges using the piezoelectric conversion of mechanical energy into 
electric energy and an accumulator of electric charges whose output is an output of the apparatus. 

However, these known method and apparatus have poor efficiency in supplying power to 
electronic systems. This is because the piezoelectric elements, unlike the galvanic sources or 
induction generators, are electric charge generators rather than e.m.f (potential) sources. 
Moreover, the value of charge produced by the piezoelectric element is determined by a single 
external mechanical effect, whereas an electric potential appearing at the output of such charge 
generator is directiy proportional to the amount of this charge and inversely proportional to the 
output capacitance of tiie generator. In particular, piezoelectric elements make it possible to 
obtain small charges with a very high electric potential of several thousands of volts. Such a 
high-voltage source cannot be used for direct power supply to low-voltage electronic system 
such as microelectronic circuits. The direct connection of a buffer load capacity to the 
piezoelectric element with the aim of accumulating a charge thereon, which is required for 
supplying power to a low-voltage electronic system, is not effective because a charge produced 
by the piezoelectric element in one cycle is very small and, therefore, multiple and, accordingly, 
long-term mechanical actions upon the piezoelectric element, that is, multiple mechanical 
pressure applications of impacts on the piezoelectric element are required to accumulate a large 
charge (this is realized in the mechanism of the apparatus of European Patent No. 0725452, CI. 
HOI L41/113, 1996). 
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Disclosure of the Invention 



The object of the present invention is to provide a method and apparatus for power 
supply to electronic systems, which make it possible to increase significantly the efficiency of 
electric power sources based on devices for conversion of energy produced by non-electric 
energy sources into electric energy. 

Accordingly, the present invention relates to a method for power supply to an electronic 
system comprising the conversion of non-electric energy into electric energy and accumulation 
of the required amount of electric charges for power supply to electronic systems, wherein, the 
conversion of non-electric energy into electric energy is conducted by generating electric charges 
with a high electric potential, converting the energy of the obtained charges in such a manner 
that the amount of electric charges is increased and their electric potential is decreased, and then 
accumulating them at the output of the above-mentioned power source, for the purpose of power 
supply to the electronic system. 

The conversion of non-electric energy into electric energy in particular, mechanical 
energy into energy of electric charges having a high electric potential, can be conducted by 
means of piezoelectric or triboelectric conversion. 

Another attractive approach comprises the utilization of high-energy charged particles 
generated in radioactive fission as the charges with a high electric potential. 

In accordance with the present invention, the apparatus for the implementation of the 
above-described method for power supply to electronic systems comprises an electric charge 
generator converting the energy of non-electric sources into electric energy of charges with a 
high electric potential and an electric charge accumulator, this apparatus additionally comprising 
a converter which converts the energy of these charges, the input of the converter being 
connected to the charge generator output, and the output of the converter being connected to the 
input of the electric charge accumulator whose output is the output of the apparatus. The charge 
energy converter is adapted to increase the amount of the initial electric charges supplied to its 
input from the charge generator and to decrease their electric potential. 

The possibility of achieving the above-described technological result can be illustrated 
based on the condition of compliance with the energy conservation law applied to the electric 
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energy conversion in accordance with the present invention, which can be represented, in an 
ideal situation, as q*Uin = Q*Uout, where q and Uin are a charge and potential thereof, 
respectively, at the charge energy converter input, and Q and Uout are a charge and potential, 
respectively, at the converter output. This condition suggests that in order to increase the amount 
(multiply) of charges at the charge energy converter output, i.e., to satisfy the condition Q > q, it 
is necessary that the potential at the input of the above-mentioned converter Uin exceed the 
potential at its output Uout. The condition Uin > Uout can be easily realized technologically 
because the potential of charges produced by charge generators such as piezoelectric or 
triboelectric elements, are inversely proportional to intrinsic or load capacitance and can be as 
high as several thousand of volts, whereas the potential required for power supply to electronic 
circuits, in particular, microelectronic circuits, is as low as several volts. The efficiency of charge 
multiplication process will be determined by the efficiency of the above-mentioned converter 
with respect to a process of transferring the electric energy of the initial charge from the 
converter input to its output. 

The electric charge accumulator in the apparatus in accordance with the present invention 
can be in the form of an electric capacitor. 

In one embodiment of the apparatus for power supply to electronic circuits, the charge 
energy converter is in the form of a reducing transformer whose primary winding is connected to 
the output of the electric charge generator, and its secondary winding is connected to the electric 
charge accumulator via a rectifier. Such converter is especially effective when the charge 
generator produces short high-energy current pulses. 

In another embodiment of the apparatus for power supply to electronic circuits, the 
charge energy converter is in the form of a semiconductor converter whose input region 
connected to the electric charge generator output is formed by a semiconductor structure 
designed to accumulate charges from the electric charge generator and induce an avalanche 
break-down process when the threshold voltage on the semiconductor substrate is exceeded, and 
the output region of the semiconductor converter is foimed by the region serving to separate and 
accumulate the secondary charges formed as a result of the avalanche break-down and is 
connected to the electric charge accumulator via a rectifier. The input region of the 
semiconductor converter can be formed by various structures, for example, by an inversely 
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biased p-n junction or other diode-type structures, as well as by a transistor or thyristor structure, 
which will provide for a faster avalanche multiplication of electric charges. 

The energy converter can also be in the form of capacitor stack equipped with a 
commutation apparatus designed to switch the capacitors from the connection in series required 
to accumulate charges from the charge generator to the subsequent parallel connection allowing 
the decrease in the charge potential and the converter output, while using the entire charge 
accumulated in each capacitor. In this embodiment, the energy of electric charges produced by 
the charge generator is used with the highest efficiency. 

The electric charge generator can be in the form of a poiezoelectric or triboelectric 
element. Another attractive approach is to use a radioactive source of electric particles that is a 
generator of high-potential electric charges with a practically inexhaustible capacity. Such 
radioactive source can be in the form of a capacitor having one plate containing a radioactive 
material emitting charged 6-particles and another plate as a collector for these particles. 

The electric charge generators of the two latter types produce charges at a relatively low 
rate. Therefore, it is preferred that a series of charge energy converters described above be used 
in combination with a short pulse former connected between the output of the electric charge 
generator and input of the electric charge energy converter and designed similarly to a gas- 
discharge tube or in the form of a semiconductor threshold element such as a thyristor. 

Brief Description of the Drawings 



Figure 1 is a block diagram of the apparatus for power supply to electronic systems, 
which implements the claimed method for power supply to electronic systems comprising the 
conversion and accumulation of electric charges. 

Figure 2a is an apparatus for power supply to electronic systems, in which the charge 
energy converter is based on a reducing transformer. 

Figure 2b is an apparatus for power supply to electronic systems, in which the charge 
energy converter is based on a reducing transformer, this apparatus additionally containing a 
threshold element. 

Figure 3 is an embodiment of the apparatus for power supply to electronic systems, in 
which the charge energy converter is based on a semiconductor structure. 
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Figure 4 is an embodiment of the apparatus for power supply to electronic systems, in 
which the charge energy converter is based on a stack of capacitors. 



Preferred Embodiments of the Presem Invention 



As shown in Figure 1, the apparatus for power supply to electronic systems comprises a 
charge generator 1 whose output is connected to the input of a charge energy converter 2. The 
output of converter 2 is connected to the input of charge accumulator 3 whose output is an output 
of the apparatus. 

The electric charge accumulator can be in the form of an electric capacitor or a more 
complex system comprising battery accumulators with galvanic or superionic elements. 

In the apparatus for power supply to electronic systems shown in Figure 2a, the charge 
energy converter comprises a transformer 4 whose primary winding 5 is the input of the 
converter and whose secondary winding 6 connected to a rectifier 7 forms the output of the 
converter connected to a storage capacitor 8 which is an output element of the apparatus. 

Figure 2b shows the apparatus for power supply to electronic systems having a stmcture 
shown in Figure 2a and additionally containing a threshold element. 

In the apparatus for power supply to electronic systems shown in Figure 3, the charge 
energy converter is in the form of a semiconductor structure having an n-type substrate 10 with 
an epitaxial p-type layer 11 . A rectifying contact 12 in the form of a p-n junction and an ohmic 
contact 13 are fomied in the epitaxial layer 11. Contacts 12 and 13 form the input of the above- 
mentioned converter. The output storage capacitor 8 of the apparatus is connected by one lead 
thereof to substrate 10 and by the other lead thereof to the rectifying contact 12 via a rectifier 14. 
Figure 4 shows the apparatus for power supply to electronic systems, in which the charge energy 
converter comprising a set of n identical capacitors 15 can be transformed, by means of a 
commutation apparatus 16, into an assembly in which these capacitors are connected in series 
when all the commutators are set in position I or into an assembly in which these capacitors are 
connected in parallel when all the commutators are set in position 11. An output storage capacitor 
8 is connected to the output of the above-mentioned converter via the rectifier 14. 

According to Figure 1, the conversion of non-electric energy into electric energy is 
conducted with generator 1 which is adapted to generate electric charges q with a high electric 
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potential Uin. The charges q generated by the generator 1 are supplied to the input of the charge 
energy converter 2 which is adapted to increase the initial amount of electric charges and 
decrease their electric potential at the output of converter 2. Electric charges Q from the 
converter output are supplied to the input of accumulator 3 which serves as an output buffer of 
the apparatus for power supply to electronic systems and designed to accumulate and store the 
electric charges. The output of the accumulator 3, as was mentioned above, is the output of the 
apparatus for power supply to electronic systems. 

The electric energy converters of the apparatus for power supply to electronic systems 
shown in Figure 2a and Figure 2b operate in a pulse mode. If the activation of generator 1 results 
in the formation of a high-energy current pulse, then when such current pulse is supplied to the 
primary winding 5 of transformer 4, the electromagnetic transfomiation of pulse energy induces 
an electromotive force (e.m.O pulse in the secondary winding 6 of transformer 4. Since the 
number of turns in the secondary winding 6 is greater than that in the primary winding 5, the 
e.m.f amplitude in the secondary winding 6 will be less than the input voltage amplitude, and the 
current amplitude in the secondary winding will be greater than the current amphtude in the 
primary winding 5. Thus, the entire charge Q in this secondary pulse becomes greater than 
charge q contained in the primary pulse supplied by the charge generator. Upon rectification of 
the secondary current pulse in a fullwave rectifier 7, the charge Q of the pulse is accumulated in 
the storage capacitor 8. 

If the activation of charge generator 1 cannot provide a short high-energy current pulse, it 
is necessary to use a threshold element 9 connected in series with one output of charge generator 
1 and one output of primary winding 5 of pulse transformer 4 (Figure 2b). In the structure shown 
in Figure 2b, the current pulse in the primary winding of the transformer is formed as a result of 
switching (break-down) of the threshold element 9 occurring when a voltage appUed thereto 
exceeds the preset value. 

The threshold element in this structure can be in the form of a tube with a gas discharge 
gap or a semiconductor stmcture, for example, a thyristor. 

The embodiment shown in Figure 2b will be very effective if the charge generator 1 is in 
the form of a triboelectric element or a radioactive source of charged particles. In such 
generators, the electric charge and the respective potential at the generator output are 
accumulated at a relatively low rate. 
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An avalanche break-down effect observed in semiconductors is used in the energy charge 
converter of the apparatus for power supply to electronic systems, which is based on the 
semiconductor structure shown in Figure 3. The utilization of effects relating to autoelectronic 
collision ionization and avalanche break-down in semiconductors (S. M. Sze, Physics of 
Semiconductor Devices, N. Y., 1981) offers outstanding possibilities. In accordance with these 
effects, the high-energy electrons collide with molecules of the medium and knock additional 
charge carriers therefrom. Under certain conditions, this can lead to a chain reaction of avalanche 
multiplication of the charges. Well-known semiconductor devices such as thyristors and 
avalanche diodes operate based on such avalanche instability. 

In the apparatus for power supply to electronic systems, which is based on the 
semiconductor converter shown in Figure 3, the rectifying contact 12 comprises an inversely 
biased p-n generator; charge q produced by charge generator 1 is accumulated on the junction 
capacity. A voltage on the p-n junction exceeding the threshold voltage induces an electric 
break-down accompanied by the foimation of electron-hole pairs. Some of non-equilibrium 
charge carriers will flow over into the ohmic contact 13. However, if the resistance of epitaxial 
layer 11 is sufficiently high, the leakage current via contact 13 can be decreased to below, the 
electron injection current from a highly doped n-region of substrate 10 in the vicinity of contact 
12, this current being induced by spatial redistribution of electric potentials in the structure after 
the breakdown of the p-n-junction of rectifying contact 12. The substrate injection current 
compensates the current of non-equilibrium holes drifting from contact 12 toward substrate 10 
and will charge the storage capacitor 8 to charge Q via rectifier 14. Since the amount of non- 
equilibrium charges generated by the avalanche break-down is many times greater than charge q 
that was produced in advance by charge generator 1, such semiconductor converter will operate 
as a charge q multiplier. As was already mentioned above, the p-n junction region of contact 12 
can be in the form of a different semiconductor structure, for example, an avalanche 
semiconductor diode, transistor or thyristor. The main requirement relating to this structure is 
that its input capacity should be small to allow for accumulation of charges from the charge 
generator which have a high potential and, after a certain threshold voltage is exceeded, to fonn a 
break-down current pulse for this structure and, at the same time, to induce avalanche 
multiplication of charge carriers. 
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In the apparatus for power supply to electronic circuits shown in Figure 4, the charge 
energy converter is based on commutation performed by a set of low-voltage capacitors 15 with 
a capacity C, this converter realizing a simple method for converting the value of the initial 
charge q produced by charge generator 1. When the capacitors 15 are connected in series (all 
commutators 16 are set in position I), the total input capacity of the converter is small and is 
determined as Cin = C/n, where C is the capacitance of each capacitor 15, and n is the number of 
capacitors 15 in the converter. If the charge generator 1 has produced a small charge q, then a 
voltage of Uin = nq/C is obtained at the converter input. In this case, each separate capacitor will 
be charged to the same charge q because the capacitors 15 are connected in series. Subsequent 
setting of all the commutators 16 in position H provides for parallel connection of all the 
capacitors 15. Such parallel connection of capacitors 15 will have a capacity of Cout = nC, and 
the charge of this capacitor set will be equal to a sum of charges of all the capacitors 15, that is, 
to Q = nq. The voltage generated at the converter output can be determined as Uout = Q/Cout = 
q/C = Uin/n. Thus, the structure acts as a multiplier which multiplies the charge q produced by 
the charge generator 1 by a factor of n and, at the same time, reduces its potential at the converter 
output by a factor of n. The accumulation of electric charges from several consecutive acts of 
electric charge generation by the charge generator 1 proceeds at a storage capacitor 8 connected 
to the output of the above-mentioned converter via rectifier 14. 

The commutators in the converter shown in Figure 4 can be mechanically controlled or 
electronic commutation can be employed. 

The above-described examples of realization of the method and apparatus for power 
supply to electronic systems are merely illustrative and place no limitation whatsoever of the 
scope of the present invention disclosed in the claims. 

Field of Industrial Application 

The present invention also provides for effective utilization and accumulation of electric 
energy from such sources as piezoelectric and triboelectric converters of mechanical energy, 
radioactive sources of charged particles and other generators of electric charges. 

The utilization of power supply apparatuses in accordance with the present invention is 
most effective in autonomous electronic systems with a short-term consumption of electric 
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power, such as electronic locks, reading devices for electronic cards, calculators, portable 
transmitters of remote control signals, sensors and the like. 

Owing to the present invention, the radioactive generators of charges can be used 
effectively for long-terai power supply to electronic systems which are not adapted to frequent 
maintenance, such as heart stimulators, navigational radio beacons, and signaling and warning 
systems. 

The present invention makes possible the development of systems for accumulation of 
electric energy by effective conversion of mechanical energy from inexhaustible natural 
resources of mechanical energy such as wind, wave, and tide energy. 



Patent Claims 



1. A method for power supply to electronic systems comprising converting non-electric 
energy into electric energy and accumulating electric charges for power supply to electronic 
systems, characterized by the fact, that the conversion of non-electric energy into electric energy 
is conducted by generating electric charges with a high electric potential and converting the 
charge energy prior to accumulation of the electric charges, this conversion being accompanied 
by the increase in the amount of initial electric charges and reduction in their electric potential. 

2. The method as described in Claim 1, characterized by the fact, that the conversion of 
non-electric energy into electric energy is conducted by piezoelectric conversion. 

3. The method as described in Claim 1, characterized by the fact, that the conversion of 
non-electric energy into electric energy is conducted by triboelectric conversion. 

4. The method as described in Claim 1, characterized by the fact, that high-energy 
charged particles produced by radioactive fission are used as the charges with a high electric 
potential 

5. An apparatus for power supply to electronic systems comprising an electric charge 
generator using the conversion of non-electric energy into electric energy and an electric charge 
accumulator whose output is the output of the apparatus, characterized by the fact, that it 
additionally comprises a charge energy converter whose input is connected to the output of the 
electric charge generator and whose output is connected to the input of the electric charge 
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accumulator, wherein said converter is adapted to increase the amount of electric charges 
supplied to its input and decrease the potential of electric charges at its output. 

6. The apparatus as described in Claim 5, characterized by the fact, that the electric 
charge generator is based on a piezoelectric element. 

7. The apparatus as described in Claim 5, characterized by the fact, that the electric 
charge generator is based on a triboelectric element. 

8. The apparatus as described in Claim 5, characterized by the fact, that the electric 
charge generator is based on a radioactive source of charged particles. 

9. The apparatus as described in Claims 5 to 8, characterized by the fact, that the electric 
charge accumulator is in the form of a capacitor. 

10. The apparatus as described in any claim of Claims 5 and 6, characterized by the fact, 
that the charge energy converter is in the form of a reducing transformer whose primary winding 
is connected to the output of the electric charge generator and whose secondary winding is 
connected to the electric charge accumulator via a rectifier. 

11 . The apparatus as described in any claim of Claims 5 to 10, characterized by the fact, 
that it additionally contains a short pulse former connected between the output of the electric 
charge generator and the input of the electric charge energy converter. 

12. The apparatus as described in any claim of Claims 5 to 9, characterized by the fact, 
that the charge energy converter is in the form of a semiconductor converter whose input region, 
which is connected to the output of the electric charge generator, is formed by a semiconductor 
stmcture designed to accumulate charges from the electric charge generator and induce an 
avalanche break-down process when a threshold voltage on said semiconductor structure is 
exceeded, and whose output region is formed by a region for separation and accumulation of 
secondary charges produced by the avalanche break-down and is connected to the electric charge 
accumulator via a rectifier. 

13. The apparatus as described in any claim of Claims 5 to 9, characterized by the fact, 
that the charge energy converter is in the form of a capacitor stack equipped with a commutation 
apparatus designed to switch the capacitors from the connection in series required to accumulate 
charges from the electric charge generator to the subsequent parallel connection adapted to add 
together the charges accumulated on each capacitor and, at the same time, to decrease the charge 
of these charges at the converter output. 
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